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This article presents an extended model of gravity obtained by gauging the AdS-Mawell
algebra. It involves additional fields that shift the spin connection, leading effectively
to theory of two independent connections. Extension of algebraic structure by another
tetrad gives rise to the model described by a pair of Einstein equations.
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It was shown in the recent works1,2 that it is possible to extend the Poincare algebra
by extra charges, which are related to a constant background Maxwell field.3 Such
algebra is called Maxwell algebra. Unfortunately Maxwell algebra can not be used to
gauging the theory in geometrical way,4 because, like the original Poincare algebra,
it does not possess a non-degenerate ad-invariant inner product. Therefore as a first
step to gauge Maxwell algebra one has to form its (Anti) de Sitter extension, which
reads5–7
[Mab,Mcd] = −i(ηacMbd + ηbdMac − ηadMbc − ηbcMad) ,
[Mab,Pc] = −i(ηacPb − ηbcPa) ,
[Pa,Pb] = i(Mab + kZab), [Zab,Pc] = 0 (1)
[Mab,Zcd] = −i(ηacZbd + ηbdZac − ηadZbc − ηbcZad),
[Zab,Zcd] = +ik(ηacZbd + ηbdZac − ηadZbc − ηbcZad) .
with k = +1 for dS-Maxwell, k = −1 for AdS-Maxwell algebra and
a, b, · · · = 0, . . . , 3.
Gauging this algebra one gets the connection
Aµ =
1
2
ωµ
ab
Mab +
1
ℓ
eaµPa +
1
2
habµ Zab , (2)
and its curvature
Fµν =
1
2
F abµνMab +
1
ℓ
T aµν Pa +
1
2
Gabµν Zab (3)
which makes it possible to construct a gauge invariant action in the form of a
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constrained topological BF theory.8 This action reads7
16π S(A,B) =
∫
2(Ba4 ∧ Fa4 −
β
2
Ba4 ∧Ba4)
+Bab ∧ Fab −
β
2
Bab ∧Bab −
α
4
ǫabcdBab ∧Bcd
+Cab ∧Gab −
ρ
2
Cab ∧ Cab −
σ
4
ǫabcdCab ∧Ccd
−βCab ∧Bab −
α
2
ǫabcdCab ∧Bcd , (4)
where Cab, Bab, Ba4 are auxiliary fields. By construction the action (4) is manifestly
diffeomorphism-invariant and possess local Lorentz and Maxwell symmetries, but
the translational part of (A)dS-Maxwell symmetry, generated by P is broken.4,8
After eliminating the auxiliary fields by solving their field equations the action (4)
takes form
16πS(ω, h, e) =
∫ (
1
4
MabcdFab ∧ Fcd −
1
βℓ2
T a ∧ Ta
)
(5)
+
∫
1
4
Nabcd(Gab + Fab) ∧ (Gab + Fab) ,
where
Mabcd =
α
α2 + β2
(
β
α
δabcd − ǫ
ab
cd
)
and
Nabcd =
(σ − α)
(σ − α)2 + (ρ− β)2
(
ρ− β
σ − α
δabcd − ǫabcd
)
Since the last term in (5) is a topological invarianta this action describe pure gravity.
The algebra (1) can be further extended by adding yet another translational
generator Ra with the commutation relations
[Ra,Rb] = iZab, [Pa,Rc] = 0 , (6)
[Mab,Rc] = −i(ηacRb − ηbcRa), [Zab,Rc] = −i(ηacRb − ηbcRa) . (7)
The gauge connection becomes
Aµ =
1
2
ωµ
ab
Mab +
1
ℓ
eaµPa +
1
2
habµ Zab +
1
ℓ′
faµRa , (8)
and the gauge curvatures take the form
F abµν = R
ab
µν +
1
ℓ2
(eaµe
b
ν − e
a
νe
b
µ), T
a
µν = D
ω
µe
a
ν −D
ω
ν e
a
µ , (9)
Gabµν = D
ω
µh
ab
ν −D
ω
ν h
ab
µ −
1
ℓ2
(eaµe
b
ν − e
a
νe
b
µ)
+ (hacµ h
b
ν c − h
ac
ν h
b
µ c )−
1
ℓ2
(faµf
b
ν − f
a
ν f
b
µ) , (10)
Y aµν = D
ω
µf
a
ν −D
ω
ν f
a
µ + h
ab
µ fνb − h
ab
ν fµb. (11)
aIt is combination of the Euler and Pontryagin invariant for shifted connection ω + h.
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The total action is slightly different from (4) and equals
S = S(AdS−Maxwell) + 2Ca ∧ Ya . (12)
The crucial observation is that after adding the new generator, the action (5) is not
topological anymore because the expression (10) has changed. If the connection is
shifted by the Maxwell field i.e., ̟ = ω + h, which is equivalent to changing the
basis of the Lie algebra by M → M− Z, the last term of (5) becomes another
Einstein action for connection ̟, tetrad f , and with cosmological constant Λ′
SE2 =
1
64πG
∫
ǫabcd
(
Hµν [̟]
abf cρf
d
σ −
Λ′
3
faµf
b
νf
c
ρf
d
σ
)
ǫµνρσ , (13)
where Hµν [̟]
ab is curvature of the shifted connection, and Λ′ = 3/ℓ′ (see eq. 8). It
follows from the field equation derived from (12) that the torsion of the connection
̟ vanishes
dfa +̟ab ∧ f
b = T˜ a = 0 . (14)
It is worth recalling that the model of Einstein pair was previously discussed in a
similar context in Ref. 9, but there the existence of another tetrad, and the torsion
equation was introduced by hand. Here the tetrad emerges naturally as a result
of the algebra enlargement, and satisfies field equations, which forces torsion to
vanish. However, there is not interaction term between tetrads, which is crucial in
bi-gravity theories such as the f − g model.10 It was pointed out in Ref. 9 that one
can add such gauge invariant term, but it is not possible to obtain it by enlarging
the (A)dS algebras. We will present a more detailed discussion of these algebras
and their physical applications in a separate paper.
Acknowledgment
This work has been supported by the grant 2011/01/B/ST2/03354 (AB, JKG);
by funds provided by the National Science Center under the agreement DEC-
2011/02/A/ST2/00294 (JKG); and by the grant 2011/01/N/ST2/00415 (MS).
References
1. J. Gomis, K. Kamimura and J. Lukierski, JHEP 0908, p. 039 (2009).
2. S. Bonanos, J. Gomis, K. Kamimura and J. Lukierski, J.Math.Phys. 51, p. 102301
(2010).
3. R. Schrader, Fortsch. Phys. 20 701 (1972).
4. S. MacDowell and F. Mansouri, Phys.Rev.Lett. 38, p. 739 (1977).
5. D. V. Soroka and V. A. Soroka, Phys.Lett. B707, 160 (2012).
6. D. V. Soroka and V. A. Soroka, Adv.High Energy Phys. 2009, p. 234147 (2009).
7. R. Durka, J. Kowalski-Glikman and M. Szczachor, Mod.Phys.Lett. A26, 2689 (2011).
8. L. Freidel and A. Starodubtsev (2005), arXiv:hep-th/0501191.
9. R. Durka and J. Kowalski-Glikman (2011), arXiv:hep-th/1110.6812.
10. C. J. Isham, A. Salam and J. A. Strathdee, Phys. Rev. D 9 1702 (1974).
